The thermoelectric power and Hall effect of Sn-or Ge-doped In203 ceramics are investigated based on a comparative study. The metal-type conductivity in both the samples occurs when the carder concentration exceeds ---1019 cm-3. The carder mobility is found to be higher for Ge-doped samples.
INTRODUCTION
The simultaneous occurrence of high optical transparency (more than 80%) in the visible region and high electrical conductivity (tr > 10 3 -l.cm-1) is an unusual phenomenum found in a few non-stoichiometric oxides. The conditions to be met in such an oxide would appear to be following: (i) (ii)
The stoichiometric parent compound should be an insulator with a conduction-band edge E c lying at least 2.5 eV above the top of the valence band and at least 2.5 eV below the next higher conduction band. This condition is fulfilled in indium and tin oxides where the conduction band is the broad metal-5s band, the next higher band is the metal-5p band, and the valence band is the 0 2-. 2p 6 band.
Doping the parent compound n-type must result in a degenerate conduction band with a low enough carrier concentration so that the plasma frequency tOp associated with the free carriers remains below the visible range and no electrons are trapped in localizated states below the conduction-band edge. It is the latter part of this second condition that appears to be difficult to fulfill in transition-metal compounds. [1, 5] .
In spite of the high conductivity r obtained in the best 1TO films, modern applications demand higher values.
Given an upper limit on the charge carder concentration 'n', which appears to be imposed by an intrinsic reduction limit of the In-O array [4, 5] , the search for a higher t ne must turn to search for a higher electronic mobility I. That has to occur through the use of more appropriate dopants than Sn. In fact, we have recently shown [4, 6, 7] that the ideal doping cation must have a low electronegativity and a small ionic radius (r) associated with high effective nuclear charge (Z*).
Indeed, such a cation having high value of Z*/r 2 will polarize the electron cloud of oxygen 2p 6 valence band more strongly, thereby screening its charge so as to weaken it as a scattering center. Moreover, a low electronegativity for the dopant cation accounts for a weak interaction between the conduction band electrons and the dopant cation. Zhang [8] [4, 6, 7] . Following this guideline, it appeared that the use of Ge 4+ as a doping element in ITO (partially or totally substituted to Sn4/) could induce an enhancement in the mobility since [8] LGe4-3.06 > Lsn,+ 1.62 (2) In the present study, our main emphasis will be on complementing the choice of germanium as a dopant using both thermoelectric power and Hall effect measurements performed on a series of In203 samples either undoped or doped with Sn or Ge. The experiments have been carried out on single crystals and ceramics.
PRELIMINARY CONSIDERATIONS RELATED TO THE THERMOELECTRIC POWER
In this section, we shall recapitulate some of the important relations that will be used later in this article. The thermoelectric power (or), which is the temperature gradient of the total e.m.f, is generally defined as [10, 14] formation of a second phase (SnO2_ or GeO2_) as evidenced by X-ray analysis. Moreover, the grain boundary effect inhibits the normally expected increase in the carrier mobility with the Sn ratio (samples d-h), which has been observed for single crystals (see Table I , samples a-c). However, the grain boundary effects do not entirely hinder the <<beneficial>> effect of Ge-doping on p. As it is clear from This can be understood, using the equation (10) , for the sake of simplicity, which is valid in the degenerate case. Using the expression (10) the basic nature can indeed be foreseen; one can write OIGO/OtlTO P*ITO/I*IGO (13) And also a* depends upon the carrier mobility, the carrier effective mass and the scattering cross section Q according to [12] Ge-doped In203 ceramics at 300K. Numbers and symbols correspond to the same samples as in Table   I . 
